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Background: Urinary creatinine excretion is used as a marker of completeness of timed urine collections, which are
a keystone of several metabolic evaluations in clinical investigations and epidemiological surveys.
The current reference values for 24-hour urinary creatinine excretion rely on observations performed in the 1960s
and 1970s in relatively small and mostly selected groups, and may thus poorly fit to the present-day
general European population.
The aim of this study was to establish and validate anthropometry-based age- and sex-specific reference values of
the 24-hour urinary creatinine excretion on adult populations with preserved renal function.
Methods: We used data from two independent Swiss cross-sectional population-based studies with standardised
24-hour urinary collection and measured anthropometric variables. Only data from adults of European descent, with
estimated glomerular filtration rate (eGFR) ≥60 ml/min/1.73 m2 and reported completeness of the urinary collection
were retained. A linear regression model was developed to predict centiles of the 24-hour urinary creatinine
excretion in 1,137 participants from the Swiss Survey on Salt and validated in 994 participants from the Swiss Kidney
Project on Genes in Hypertension.
Results: The mean urinary creatinine excretion was 193 ± 41 μmol/kg/24 hours in men and 151 ± 38 μmol/kg/
24 hours in women in the Swiss Survey on Salt. The values were inversely correlated with age and body mass
index (BMI).
Based on current reference values (177 to 221 μmol/kg/24 hours in men and 133 to 177 μmol/kg/24 hours in
women), 56% of the urinary collections in the whole population and 67% in people >60 years old would have
been considered as inaccurate.
A linear regression model with sex, BMI and age as predictor variables was found to provide the best prediction of
the observed values and showed a good fit when applied to the validation population.
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Conclusions: We propose a validated prediction equation for 24-hour urinary creatinine excretion in the general
European population, based on readily available variables such as age, sex and BMI, and a few derived normograms
to ease its clinical application. This should help healthcare providers to interpret the completeness of a 24-hour
urine collection in daily clinical practice and in epidemiological population studies.
Keywords: 24-hour urinary collection, Urinary creatinine excretion, European population, Prediction equation,
Reference values, NormogramsBackground
Creatinine is a break-down product of the intracellular
creatinine precursors creatine and creatine- phosphate.
Most of the creatinine is derived from nonenzymatic pro-
cesses occurring in skeletal muscle at a fairly constant rate,
depending on muscle mass [1,2]. Creatinine is freely fil-
tered out of the blood by the glomerulus and is neither
reabsorbed nor metabolised by tubular cells. Proximal
tubular secretion accounts for 10% to 20% of total urinary
creatinine in patients with normal renal function, a per-
centage that rises as the glomerular filtration rate falls
[2,3]. Creatinine excretion in the urine occurs at a fairly
constant rate over 24 hours and is, therefore, used as a ref-
erence comparator for analysis performed on spot urine
and timed urine samples.
Measurement of urinary creatinine excretion in the clin-
ical and research fields has multiple purposes: 1) to meas-
ure creatinine clearance as a surrogate of the glomerular
filtration rate [2]; 2) to estimate average 24-hour excretion
rates of several solutes including electrolytes and proteins
from spot urine samples, using the respective ratios to
urinary spot creatinine concentration [4-7]; 3) to assess
lean body mass [1,8]; and 4) to check the completeness of
24-hour urine collections [9,10]. The latter can be esti-
mated from knowledge of the normal rate of creatinine
excretion, which is equal to creatinine production in the
steady state. In longitudinal trials reporting completeness
criteria of the 24-hour urine collection, intra-individual
variation in creatinine output of repeated collections was
used as a quality assurance tool to assess the accuracy
[11,12]. However, in the case of a single patient’s measure
and in large scale epidemiologic studies, the identification
of over- and under- collection of 24-hour urine samples
remains a crucial but difficult task [10,13].
The accuracy of a 24-hour urine collection is mainly eval-
uated by computing the creatinine excretion per kilogram
body weight over 24 hours. According to the general neph-
rology references, the daily creatinine excretion should be
177 to 221 μmol/kg (20 to 25 mg/kg) in men and 133 to
177 μmol/kg (15 to 20 mg/kg) in women [14]. These refer-
ence values rely on observations performed in the 1960s
and 1970s in relatively small and mostly selected groups
(for example, hospitalised patients) [15-18].The European population has markedly changed over
the last 50 years, aging progressively and showing a steadily
increasing prevalence of obesity [19-21]. Both these factors
impact on the body composition and on the proportion of
muscle mass, the main determinant of urinary creatinine
excretion. The adequacy of the classical reference values
to the European general population should, therefore,
be questioned.
The aim of the present study was to establish
anthropometry-based age- and sex-specific reference values
of the urinary 24-hour creatinine excretion in a large Swiss
population-based sample of European descent with pre-
served renal function and to validate these values in an in-
dependent population-based sample.
Methods
Study design
We used the data collected during the Swiss Survey on Salt
(SSS) [22] as a derivation set to fit the prediction model.
SSS is a cross-sectional, population-based survey including
people 15-years old and over. The data from a second inde-
pendent population-based study, the Swiss Kidney Project
on Genes in Hypertension (SKIPOGH) [23,24], were used
as a validation set to evaluate the developed model.
Study population
SSS was promoted by the Swiss Federal Office of Public
Health (BAG) within the context of the national pro-
gram on Nutrition and Movement. It aimed primarily at
estimating the dietary salt intake and hypertension preva-
lence. The sample population was selected to represent
the three linguistic regions of Switzerland (French, Ger-
man and Italian) and to be equally distributed in four age
categories (15 to 30, 30 to 45, 45 to 60 and over 60 years)
for each sex. Recruitment began in January 2010 and
ended in August 2011. Details of the SSS study design
have been published previously [22]. The SSS complied
with the Declaration of Helsinki and was approved by the
local Institutional Ethics Committees. All participants
gave written informed consent.
The SKIPOGH study is a family-based longitudinal
study exploring the role of genes, kidney hemodynamics
and the environment on blood pressure regulation and
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of Bern and Geneva, and the city of Lausanne. Details of
the SKIPOGH study design have been published previously
[23]. The SKIPOGH study complied with the Declaration
of Helsinki and was approved by the local Institutional
Ethics Committees. All participants gave written in-
formed consent.
In both populations, only data from people of European
descent ≥18-years old, with an estimated glomerular fil-
tration rate (eGFR) ≥60 ml/min/1.73 m2 according to
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [25] and with complete urine col-
lection (as defined below) were retained for the present
analysis.
Clinical data
In both studies participants performed a 24-hour urine
collection following oral and standardised written instruc-
tions. At reception, urine volume was measured, and
sampled in small aliquots and immediately frozen (−20°C
in SSS and −80°C in SKIPOGH) at each study center. In
order to assess reproducibility of urine collection and urin-
ary creatinine excretion, a randomly selected sub-sample of
participants in the SSS provided 24-hour urine collections
on two consecutive days.
Incomplete urine collections - defined as urine loss
during the collection time (self-reported by the participant,
N = 20 in SSS), collections with urine volume <300 ml
(N = 3) and/or lasting <20 hours (N = 5) - and over-
collections, defined as urinary creatinine >400 μmol/kg/
24 hours (N = 0), were excluded from the present ana-
lysis, in line with the criteria adopted in previous large
international studies [26].
Body weight was measured in light indoor clothing to
the nearest 100 g using a medical scale and height was
measured to the nearest centimeter using a wall-mounted
stadiometer. In SSS, an optional non-fasting blood sample
was collected whereas in SKIPOGH, a fasting blood sam-
ple was collected in all participants.
Laboratory analysis
Urine and blood samples were analysed in the Central
Chemical Laboratory of Lausanne University Hospital
(CHUV, Lausanne, Vaud, Switzerland) for all centers
involved in SSS and for the Lausanne sample in SKI-
POGH. Analyses were done in the Central Chemical
Laboratory of Geneva and Bern University Hospitals for
the SKIPOGH Geneva and Bern samples, respectively.
Serum and urine creatinine were measured using the kin-
etic colorimetric compensated Jaffe method, as reported
by the manufacturer, Roche Modular P System (Roche
Diagnostics, Mannheim, Germany). In all laboratories,
creatinine was measured using isotope dilution mass
spectrometry (IDMS)-traceable methods. We comparedthe creatinine measurement of 20 fresh (all measure-
ments conducted on the same day) serum and urine
samples across the three laboratories involved in SKI-
POGH and found a Lin’s concordance correlation coeffi-
cient ranging between 0.87 and 0.92 for serum creatinine
and equal to 1 (perfect correlation) for urine creatinine,
which denotes excellent inter-laboratory reproducibility.Definition of covariates
The CKD-EPI formula was used to estimate the glomerular
filtration rate (eGFR) [25]. In SSS, diabetes was considered
present when a participant reported to take diabetes medi-
cations. In SKIPOGH, diabetes was considered present
when reported or treated or when fasting glycemia
was ≥7 mmol/L. In both studies, hypertension was defined
as mean office blood pressure ≥140/90 mm Hg or treated
hypertension.Statistical analysis
Statistical analyses were performed using STATA 12.0
(StataCorp, College Station, Texas, USA) and R 3.1.0
(R Core Team, 2014, R Foundation for Statistical
Computing, Vienna, Austria). Quantitative variables with
normal distribution were expressed as mean ± standard
deviation and categorical ones as percentage of partici-
pants. We compared continuous and categorical variables
in men and women using t-test and chi-square tests. Stat-
istical significance was established for P <0.05.
We used linear regression modelling to predict the
24-hour urinary creatinine excretion per body weight
(expressed in μmol/kg/24 hours) in the derivation popu-
lation (SSS), using the measured anthropometric vari-
ables as candidate factors and adjusting for the study
centres. We developed various models including gender,
age, weight, BMI, and explored the existence of interac-
tions between the factors. The models were compared in
their goodness of fit, selecting as the final model the one
that minimised the Bayesian Information Criterion (BIC).
Assuming normality of urinary creatinine excretion distri-
bution (Kolmogorov-Smirnov test, P = 0.61), the standard
deviation of the model’s residuals was used to predict any
centile of the distribution: the α centile is given by the fit-
ted value plus the α quantile of a standard normal distri-
bution times the residuals standard deviation.
For the external validation of this predictive model we
used the data from the SKIPOGH study. In the absence of
a validated gold standard for the adequacy of the 24-hour
urinary collection, the predicted centile of each urine cre-
atinine excretion was computed using the developed
model and the uniformity of their distribution was verified
with a Kolmogorov-Smirnov test. We, finally, computed
the reclassification effect of the new model compared to
the current reference values, using the 10th to 90th
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urinary collection.
Results
Study population
A total of 1,550 participants completed the SSS study. A
total of 1,137 (550 men and 587 women) were included in
the present analysis. We excluded 413 people because of
age <18 years (n = 39), non-Caucasian race (n = 115),
eGFR <60 ml/min/1.73 m2 (n = 99), impossibility to as-
sess renal function because blood sampling was refused
(n = 132) or incomplete 24-hour urinary collection (n = 28).
Anthropometric characteristics and serum creatinine
showed significant differences between sexes, whereas
eGFRs estimated by the CKD-EPI equation were similar
(Table 1).
In the SKIPOGH study, 994 people were considered as
the validation population for the present analysis, after
excluding 60 people for incomplete urine collection and
3 for over-collection. This population is also characterised
in Table 1. In this population, mean blood creatinine values
were slightly lower than in SSS, whilst 24-hour urinary vol-
ume was higher in SSS, reflecting the regional differences
between participants, with German speaking people having
higher urine volume than French speaking ones.
Urinary creatinine excretion
The mean urinary creatinine excretion in the SSS popula-
tion was higher in men (193 ± 41 μmol/kg/24 hours) than
in women (151 ± 38 μmol/kg/24 hours; P <0.001), whereas
urinary volume and duration of collection were similar
(Table 1). In both sexes, the values of urinary creatinine
excretion were normally distributed (Figure 1).Table 1 Descriptive data of the derivation (SSS) and validatio
SSS
Variables Men
Number 550
Age (years) 48.1 (17.2)
Weight (kg) 81.7 (14.2)
Height (cm) 176.5 (7.0)
BMI (kg/m2) 26.2 (4.1)
Hypertension (Number, %) 180 (32.8)
Diabetes (Number, %) 40 (7.3)
Plasma creatinine (μmol/L) 86.6 (11.5)
eGFR CKD-EPI (ml/min/1.73 m2) 92.1 (15.4)
Duration of urine collection (minutes) 1442 (65)
Volume of urine collection (ml) 1928 (876)
Urinary creatinine excretion (μmol/24 hours) 15620 (3768)
Urinary creatinine excretion (μmol /kg/24 hours) 193 (41)
Data are expressed as mean (SD) unless otherwise specified. aP <0.001 compared to
compared to SSS. SSS: Swiss Survey on Salt.In order to assess reproducibility of urine collection
and urinary creatinine excretion, a sub-sample of 49 partic-
ipants (27 men and 22 women) from seven study centres
provided 24-hour urinary collections on two consecutive
days. Urinary creatinine excretion was 170 ± 34 μmol/
kg/24 hours in the first and 175 ± 38 μmol/kg/24 hours
in the second collection (P = 0.248). The Pearson’s cor-
relation coefficient for creatinine excretion between the
two collections was 0.692 (95% confidence interval (CI)
0.510 to 0.814).
According to the current reference values of 177 to
221 μmol/kg/24 hours in men and 133 to 177 μmol/kg/
24 hours in women, 304 of 550 (55.3%) urinary collec-
tions in men and 335 of 587 (57.1%) in women were out
of range and would, therefore, have been considered as
incomplete (32.7%) or over-collected (23.5%) (Figure 1).
In people older than 60 years, only 32.9% (99 of 301) of
the 24-hour urinary collections agreed with the suggested
reference values, whilst 64.8% would have been considered
as incomplete and 2.3% as over-collected.
We observed a quadratic decline of urinary creatinine
excretion (μmol/kg/24 hours) with age in both men and
women, with a similar association in both sexes (P <0.0001)
(Figure 2).
Modelled reference equation
A regression model with age, sex and BMI as predictor
variables was found to provide the best fit of the ob-
served values.
The model applied for the centiles computation is given
as follows:
24-hour urinary creatinine excretion (μmol/kg/
24 hours) = β0 + β1*sex + β2*BMI + β3*age + β4*age
2.n population (SKIPOGH), by sex
SKIPOGH
Women Men Women
587 473 521
46.2 (16.8) 47.0 (17.6) 47.6 (16.7)
66.3 (13.2)a 81.5 (12.9) 65.4 (12.6)a
164.6 (6.7)a 177.4 (6.8)d 164.9 (6.4)a
24.5 (4.8)a 25.9 (4.1) 24.1 (4.6)a
100 (17.0)a 130 (27.5) 96 (18.5)a
39 (6.6) 30 (6.3) 13 (2.5)b
69.0 (8.8)a 80.2 (11.0)c 65.8 (9.3)a c
92.0 (16.6) 99.0 (16.7)c 95.5 (15.7)a c
1447 (78) 1442 (81) 1436 (76)d
2072 (922) 1698 (756)c 1719 (702)c
9821 (2518)a 15651 (3413) 10273 (2383)a c
151 (38)a 194 (42) 161 (40)a c
men; bP <0.01 compared to men; cP <0.001 compared to SSS; dP <0.05
Figure 1 Distribution of 24-hour urinary creatinine excretion by sex. A) Whole SSS population and B) Population >60 years old. Vertical
lines represent the reference interval according to the current reference values of 177 to 221 μmol/kg/24 hours in men and 133 to 177 μmol/kg/
24 hours in women. To convert creatinine from μmol to mg, divide by 8.84. SSS: Swiss Survey on Salt.
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in Table 2.
The standard deviation of the model’s residuals was
equal to 32.4.
For example, the predicted 24-hour urinary creatinine
excretion for a 40-year old woman (sex = 1) with a BMI
of 20 kg/m2 is obtained as:266.16 - 47.71 * 1–2.33 * 20 + 0.66 * 40–0.017 * 402 =
171.1 μmol/kg/24 hours
To get the 95% quantile, we compute 171.1 +Φ(0.95) *
32.4 = 224.2 μmol/kg/24 hours, where Φ(0.95) = 1.64 is
the cumulative distribution function of a standard normal.
The inverse transformation allows the estimation of the
quantile corresponding to an observation. If we would
Figure 2 Normograms of 24-hour urinary creatinine excretion (μmol/kg/24 hours). A) Men and B) Women. The dashed lines represent
centiles curves of the 24-hour urinary creatinine excretion, according to age and sex, estimated for a BMI of 25 kg/m2. Horizontal lines show the
current reference values of 177 to 221 μmol/kg/24 hours in men and 133 to 177 μmol/kg/24 hours in women. BMI: body mass index; to convert
creatinine from μmol to mg, divide by 8.84. C) Correction of centiles obtained in normograms A and B, according to BMI. Application example:
estimating the percentile represented by a 24-hour urinary creatinine excretion of 200 μmol/kg/24 hours in a 40-year old man with BMI 35 kg/m2:
in A, the intersection of age 40 years (on X axis) and urine creatinine 200 μmol/kg/24 hours (on Y axis) corresponds to the 50th percentile. In C,
the intersection of BMI 35 kg/m2 (on X axis) and the percentile 50 obtained from A (on Y axis) gives a percentile corrected for BMI of 75 (upper
dashed line).
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24 hours, this would correspond to the quantile given by:
Φ−1
149:6−171:1
32:4
 
¼ 0:25
To ease the clinical application of the prediction model
at the bedside, we derived two normograms representing
the principal centiles curves of the 24-hour urinarycreatinine excretion distribution according to age, in both
men and women. These centiles curves are estimated for
a BMI of 25 kg/m2 and a third normogram allows the ob-
tained centile to be corrected according to BMI (Figure 2).
Validation of the model in the SKIPOGH population
We estimated the corresponding quantiles for all obser-
vations of the SKIPOGH study in an attempt to validate
Table 2 Coefficients of the regression model used for the
centiles computation
Variable Parameter Coefficient P-value
Intercept β0 266.16 <0.001
Sex (if women) β1 −47.71 <0.001
BMI (kg/m2) β2 −2.33 <0.001
Age (years) β3 0.66 0.05
Age2 (years2) β4 −0.017 <0.001
A linear regression model was used to predict the 24-hour urinary creatinine
excretion per body weight (expressed in μmol/kg/24 hours).
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distribution, with a Kolmogorov-Smirnov test statistic
equal to 0.078 (P <0.001). This means that the highest
error that we made with our percentile prediction is <11%
(Figure 3).
Using the predicted 10th to 90th percentiles as an
example of the possible range for adequate collection,
6% of the samples of the SKIPOGH population would
have been considered as incomplete and 10% as over-
collections. Compared to the current reference values,
416 (42%) samples were reclassified as adequate in the
whole population. This proportion increased to 52% when
considering only people over 60 years old, where 8 (3%)
instead of 150 (58%) samples would have been considered
as incomplete and 22 (9%) instead of 13 (5%) as over-
collected (Table 3).Figure 3 Validation of the prediction model: cumulative
distribution of the predicted quantile values. ECDF: empirical
cumulative distribution function.Discussion
Using two large Swiss population-based studies, we gener-
ated and validated a prediction equation for the 24-hour
urinary creatinine excretion in the general adult popula-
tion of European descent. The development of new refer-
ence values is warranted, because the current references
are poorly representative of the general adult European
population and their application would lead us to discard
more than half of the 24-hour urinary samples of our two
study populations.
The equation proposed herein will provide healthcare
providers and researchers with a valuable tool to inter-
pret the completeness of an individual 24-hour urine
collection. We additionally developed age- and sex-
specific normograms that can be used at the bedside to
easily determine where a person fits compared to a ref-
erence population.
Timed urine specimens are a keystone of several meta-
bolic evaluations, and as such are commonly used for clin-
ical investigations [27-30] and epidemiological surveys,
such as cross-sectional population studies on nutrition
[11,12,22,31]. In this context, the identification of over-
and under-collection of 24-hour urine samples represents
a crucial task to validate and interpret the measured data.
The currently accepted and widely used reference
values for 24-hour urinary creatinine excretion of 177 to
221 μmol/kg/24 hours (20 to 25 mg/kg/24 hours) in
men and 133 to 177 μmol/kg/24 hours (15 to 20 mg/kg/
24 hours) in women rely on observations made in the
1960s and 1970s, and the information on how these
ranges were derived from the original descriptions are
scarce. In a publication of 1984, Imbembo and Walser
[8] reported a linear regression formula for the calcula-
tion of creatinine excretion per kilogram according to
age and sex, derived from pooling the results of four pre-
vious studies published between 1963 and 1976, including
140 to 370 mostly hospitalised people [15-18]. The decline
in the urinary creatinine excretion with progressing age is
not considered in the current reference values or, at most,
mentioned as an expected progressive decline of nearly
50% from the ages of 50 to 90 years.
We questioned the appropriateness of these reference
values in a general European population and, applying
them to the population of our study, found that more
than half of the 24-hour urinary collections would be
considered as not valid and two thirds of the urinary
collections of participants over 60 years old would be
discarded because of suspected over- or under- collec-
tion. Although we cannot exclude that the final analysis
of our study populations also included some remaining
participants with over- or under-collected urinary col-
lections, it seems very unlikely that this would corres-
pond to the numbers obtained when applying classical
reference values.
Table 3 Adequacy of the 24-hour urinary collection using the current reference values and the new prediction model,
in the whole SKIPOGH population and in the elderly patients
Classification according to
current reference values
Classification according to the new prediction modela Percentage of
reclassified samplesIncomplete Adequate Overcollected
(<10th centile) (10th to 90th cent) (>90th centile)
Whole population 44.2%
Incomplete 57 247 1b
Adequate 1 406 10
Overcollected 0 180 92
Older population (age >60 years) 59.9%
Incomplete 8 141 1b
Adequate 0 84 10
Overcollected 0 2 11
aThe selection of 10th to 90th as cut-off is arbitrary and should be interpreted as an example of application of the prediction equation; bthis observation is from a
90-year-old woman with 24-hour urinary creatinine of 132 μmol/kg/24 hours and BMI 23.8 kg/m2. Values represent number of people. Current reference values for
adequate 24-hour urinary collection: 177 to 221 μmol/kg (20 to 25 mg/kg) in men and 133 to 177 μmol/kg (15 to 20 mg/kg) in women.
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all, validation was in general not performed in the men-
tioned studies. To the best of our knowledge, only one
previous study [32] validated a creatinine excretion predic-
tion equation in a different population than the derivation
population. However, the study from Ix et al. [32] was per-
formed on pooled data from different interventional stud-
ies, performed on selected patients (mostly diabetic and
suffering from chronic kidney disease), limiting, therefore,
the applicability of the results to the general population
(that is, external validity). Besides, population characteris-
tics have changed. The European population is aging, and
the prevalence of obesity is increasing [19-21]. It is, there-
fore, not surprising that many urinary collections would
be suspected of under-collection applying the classical
reference values.
Our results should be interpreted in the light of the
study’s strengths and limitations.
We used an unselected adult population of European
descent with a large sample size to generate a prediction
equation for 24-hour urinary creatinine excretion. The
equation includes commonly available variables, which
are relevant to optimising the estimation of the creatin-
ine excretion. To facilitate the clinical application of our
equation at the patient’s bedside, we provided age- and
sex-specific normograms and a normogram to correct
the estimated percentile for BMI.
The major strength of this study is to have validated the
proposed prediction equation in a second independent
population-based sample from the same country. Environ-
mental conditions, including socio-economic level and
nutritional habits are, therefore, similar in both studies.
One major limitation of our study design is the ab-
sence of a gold standard to define the correctness of the
urine collection. We could have used para-aminobenzoic
acid (PABA) as a possible reference comparator, usingits integral urinary excretion after oral intake as an indi-
cator of the 24-hour urinary collection completeness.
However, this method has some important limitations,
including not permitting the identification of urine over-
collections, having a reduced reliability in older people
and being dependent on the compliance of the partici-
pants with the PABA intake, a potentially problematic
issue in large scale population-based studies [10,33]. We
consider that the finding of a normal distribution of the
urinary creatinine excretion in a large population-based
sample and the reproducibility of the values in the small
subsample with repeated urine collections, support the
overall correctness of the urine collections.
Another limitation, linked to the statistical approach
used to generate the prediction equation, is that the pre-
dicted values are shrunk towards the mean, thus the
variability of the prediction is smaller than the original
variability. This could limit the reliability of predictions
at the individual-level.
Given the low number of participants in the group
older than 75 years and the fact that older people often
suffer from sarcopenia, the proposed normograms should
be used with caution in older people.
It should finally be underlined that the presented pre-
diction equation has been developed on people without
chronic kidney disease, limiting its utilisation in this popu-
lation unless further validated.
Conclusions
Although widely used as an accuracy marker of 24-hour
urine collections, the current reference values for 24-hour
urinary creatinine excretion are poorly representative of
the general adult European population. Their systematic
application would lead us to discard - because of suspected
over- or under-collection - more than half of the 24-hour
urinary collections in the whole population and two thirds
Forni Ogna et al. BMC Medicine  (2015) 13:40 Page 9 of 10of the urinary collections of people over 60 years old in the
two population-based samples analysed in this study.
We propose a validated prediction equation for 24-hour
urinary creatinine excretion in the general European
population and a few derived normograms, based on read-
ily available variables, which should help healthcare pro-
viders and researchers interpreting the completeness of an
individual 24-hour urinary collection in daily clinical prac-
tice and in epidemiological population studies.
Abbreviations
BMI: body mass index; CKD-EPI: Chronic Kidney Disease Epidemiology
Collaboration; eGFR: estimated glomerular filtration rate; PABA:
para-aminobenzoic acid; SKIPOGH: Swiss Kidney Project on Genes in
Hypertension; SSS: Swiss Survey on Salt.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
The authors’ responsibilities were as follows: MBU, MBO and MP: designed
the experiment; VFO, AO, LG, MP, NV, IG, APB, BP, DA, PYM, MM, FP and
MBO: conducted the research; VFO, AO, PV and MBO: analyzed the data and
performed the statistical analyses; AO, VFO, PV, MP, MBO and MBU: wrote the
manuscript; MBO and MBU: had primary responsibility for the final content.
All authors critically revised the manuscript for important intellectual content.
All authors read and approved the final manuscript.
Authors’ information
Valentina Forni Ogna and Adam Ogna are joint first authors; Murielle Bochud
and Michel Burnier are joint last authors.
Acknowledgments
The Swiss Survey on Salt (SSS) was mainly funded by the Swiss Federal
Office of Public Health (Contracts number 09.004165/404.0101/-2 and
09.005791/414.0000/-74). A contribution by the Swiss Society of
Hypertension had also been received. The Nephrology Division and the
Institute of Social and Preventive Medicine of Lausanne University Hospital
provided further logistic and analytical support. The Swiss Kidney Project on
Genes in Hypertension (SKIPOGH) is supported by the Swiss National Science
Foundation FN 33CM30-124087 and FN 33CM30-140331, with specific
funding for Daniel Ackermann, Idris Guessous, Belen Ponte and Menno
Pruijm. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.
Collaborators’ information
Additional Swiss Survey on Salt investigators: Conen D. (Basel), Hayoz D.
(Fribourg), Erne P. (Luzern), Binet I. (St-Gallen), Muggli F. (Ticino), Gallino A.
(Ticino) and Suter P.M. (Zürich).
Author details
1Service of Nephrology and Hypertension, University Hospital of Lausanne
(CHUV), Rue du Bugnon 17, 1011 Lausanne, Switzerland. 2Department of
Internal Medicine and Nephrology, Regional Hospital, Locarno, Switzerland.
3Institute of Social and Preventive Medicine (IUMSP), Lausanne University
Hospital, Lausanne, Switzerland. 4Service of Nephrology, Department of
Specialties, University Hospital of Geneva, Geneva, Switzerland. 5University
Clinic for Nephrology, Hypertension and Clinical Pharmacology, Inselspital,
Bern University Hospital and University of Bern, Bern, Switzerland. 6Unit of
Population Epidemiology, Geneva University Hospitals, Geneva, Switzerland.
7Department of Community Medicine and Primary Care and Emergency
Medicine, University Hospital of Geneva, Geneva, Switzerland.
Received: 1 October 2014 Accepted: 15 January 2015
References
1. Walser M. Creatinine excretion as a measure of protein nutrition in adults of
varying age. JPEN J Parenter Enteral Nutr. 1987;11:73S–8S.2. Perrone RD, Madias NE, Levey AS. Serum creatinine as an index of renal
function: new insights into old concepts. Clin Chem. 1992;38:1933–53.
3. Shemesh O, Golbetz H, Kriss JP, Myers BD. Limitations of creatinine as a
filtration marker in glomerulopathic patients. Kidney Int. 1985;28:830–8.
4. National Kidney Foundation. K/DOQI clinical practice guidelines for chronic
kidney disease: evaluation, classification, and stratification. Am J Kidney Dis.
2002;39(2 Suppl 1):S1-266.
5. Group KCW. KDIGO 2012 clinical practice guideline for the evaluation and
management of chronic kidney disease. Kidney Int. 2013;Suppl(3):1–150.
6. Kazerooni T, Hamze-Nejadi S. Calcium to creatinine ratio in a spot sample of
urine for early prediction of pre-eclampsia. Int J Gynaecol Obstet.
2003;80:279–83.
7. Duran M, Dorland L, Meuleman EE, Allers P, Berger R. Inherited defects of
purine and pyrimidine metabolism: laboratory methods for diagnosis.
J Inherit Metab Dis. 1997;20:227–36.
8. Imbembo AL, Walser M: Nutritional assessment. In Nutritional management,
The Johns Hopkins Handbook. W.B.Saunders Co, Philadelphia; 1984. p. 9–30.
9. Edwards OM, Bayliss RI, Millen S. Urinary creatinine excretion as an index of
the completeness of 24-hour urine collections. Lancet. 1969;2:1165–6.
10. Knuiman JT, Hautvast JG, van der Heyden L, Geboers J, Joossens JV,
Tornqvist H, et al. A multi-centre study on completeness of urine collection
in 11 European centres. I. Some problems with the use of creatinine and
4-aminobenzoic acid as markers of the completeness of collection. Hum
Nutr Clin Nutr. 1986;40:229–37.
11. Knuiman JT, Hautvast JG, van der Heijden L, Geboers J, Joossens JV,
Tornqvist H, et al. A multi-centre study on within-person variability in the
urinary excretion of sodium, potassium, calcium, magnesium and creatinine
in 8 European centres. Hum Nutr Clin Nutr. 1986;40:343–8.
12. Klein CJ, Moser-Veillon PB, Douglass LW, Ruben KA, Trocki O. A longitudinal
study of urinary calcium, magnesium, and zinc excretion in lactating and
nonlactating postpartum women. Am J Clin Nutr. 1995;61:779–86.
13. Murakami K, Sasaki S, Takahashi Y, Uenishi K, Watanabe T, Kohri T, et al.
Sensitivity and specificity of published strategies using urinary creatinine to
identify incomplete 24-h urine collection. Nutrition. 2008;24:16–22.
14. Stevens LA, Shastri S, Levey A. Assessment of renal function. In: Floege J,
editor. Comprehensive clinical nephrology. St. Louis, MO: Elsevier;
2010. p. 31–8.
15. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum
creatinine. Nephron. 1976;16:31–41.
16. Norris AH, Lundy T, Shock NW. Trends in selected indices of body
composition in men between the ages 30 and 80 years. Ann N Y Acad Sci.
1963;110:623–39.
17. Ahlert G, Bruschke G, Dietze F, Franke H, Haase J. Age dependent changes
and normal variations of creatine and creatinine excretion. Z Alternsforsch.
1967;20:113–8.
18. Kampmann JP, Siersbaek-Nielsen K, Kristensen M, Hansen JM. Variations in
urinary creatinine and endogenous creatinine clearance due to age. Ugeskr
Laeger. 1971;133:2369–72.
19. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, et al.
National, regional, and global trends in body-mass index since 1980: systematic
analysis of health examination surveys and epidemiological studies with 960
country-years and 9.1 million participants. Lancet. 2011;377:557–67.
20. World Health Organisation (WHO). Overweight and obesity, Factsheet N311,
2011 [http://www.who.int/mediacentre/factsheets/fs311/en/]
21. World Health Organisation (WHO): Global health and aging. NIH
Publications, Geneva; 2011.
22. Ogna A, Forni OV, Bochud M, Paccaud F, Gabutti L, Burnier M. Prevalence of
obesity and overweight and associated nutritional factors in a population-based
Swiss sample: an opportunity to analyze the impact of three different European
cultural roots. Eur J Nutr. 2014;53:1281–90.
23. Pruijm M, Ponte B, Ackermann D, Vuistiner P, Paccaud F, Guessous I, et al.
Heritability, determinants and reference values of renal length: a family-
based population study. Eur Radiol. 2013;23:2899–905.
24. Ponte B, Pruijm M, Ackermann D, Vuistiner P, Eisenberger U, Guessous I,
et al. Reference values and factors associated with renal resistive index in a
family-based population study. Hypertension. 2014;63:136–42.
25. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro III AF, Feldman HI, et al.
A new equation to estimate glomerular filtration rate. Ann Intern Med.
2009;150:604–12.
26. Stolarz-Skrzypek K, Kuznetsova T, Thijs L, Tikhonoff V, Seidlerova J, Richart T,
et al. Fatal and nonfatal outcomes, incidence of hypertension, and blood
Forni Ogna et al. BMC Medicine  (2015) 13:40 Page 10 of 10pressure changes in relation to urinary sodium excretion. JAMA.
2011;305:1777–85.
27. Koliaki C, Katsilambros N. Dietary sodium, potassium, and alcohol: key
players in the pathophysiology, prevention, and treatment of human
hypertension. Nutr Rev. 2013;71:402–11.
28. Klugman V, Favus MJ. Diagnosis and treatment of calcium kidney stones.
Adv Endocrinol Metab. 1995;6:117–42.
29. Boscaro M, Arnaldi G. Approach to the patient with possible Cushing’s
syndrome. J Clin Endocrinol Metab. 2009;94:3121–31.
30. Wu CH, Yang YW, Hu YH, Tsai YC, Kuo KL, Lin YH, et al. Comparison of 24-h
urinary aldosterone level and random urinary aldosterone-to-creatinine ratio
in the diagnosis of primary aldosteronism. PLoS One. 2013;8:e67417.
31. He FJ, Li J, Macgregor GA. Effect of longer term modest salt reduction on
blood pressure: Cochrane systematic review and meta-analysis of randomised
trials. BMJ. 2013;346:f1325.
32. Ix JH, Wassel CL, Stevens LA, Beck GJ, Froissart M, Navis G, et al. Equations
to estimate creatinine excretion rate: the CKD epidemiology collaboration.
Clin J Am Soc Nephrol. 2011;6:184–91.
33. Jakobsen J, Pedersen AN, Ovesen L. Para-aminobenzoic acid (PABA) used as
a marker for completeness of 24 hour urine: effects of age and dosage
scheduling. Eur J Clin Nutr. 2003;57:138–42.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
